The site of origin of complex partial seizures (CPS) is predominantly in the temporal lobe, but frontal, parietal, and occipital lobes may also be involved. In order to correlate clinical behaviours with either a temporal or frontal site of origin, we analysed 211 seizures occurring during invasive monitoring in 26 patients with temporal lobe epilepsy (TLE) and in eight patients with frontal lobe epilepsy (FLE). Although leg movements, defined as thrashing, pedalling and kicking, hand posturing, facial twitching, sitting up, and tonic-clonic movements occurred more frequently in FLE, and hand automatisms were more frequent in TLE, no statistically significant difference was found between the two groups. When analysing only electrographic seizures that did not spread or propagated only to homologous controlateral lobes, leg movements and hand posturing were seen only with FLE, and oral automatisms only in TLE. Seizures of temporal lobe origin were longer in duration and had a higher frequency of auras. We therefore conclude that the reliability of clinical behaviqur alone to predict the site of origin of an epileptic discharge is limited when the surface EEG is equivocal or the neuroradiologic evidence of a focus is not clear.
INTRODUCTION
Complex partial seizures (CPS) account for 18-40% of seizure types'. CPS may emanate from the different locations within the cortex, with the majority coming from the temporal lobe, followed by those from the frontal lobe2. A significant number of patients with partial seizures may not respond to anticonvulsants, and thus epilepsy surgery may be a therapeutic option for them. The selection of an appropriate candidate for a surgical resection depends upon the ability to identify the site of origin of the seizure, which may be done by either the clinical manifestations of the habitual seizure, surface EEG, neuroimaging, neuropsychology, or invasive monitoring. In the absence of a structural lesion identified by neuroimaging, the clinical manifestations of the seizure may help to localize the likely site of origin. The presumed site of origin dictates the subsequent evaluation process, in particular, the placement of intracranial electrodes.
The clinical differentiation of a temporal lobe from a frontal lobe seizure may be particularly difficult3. Typical characteristics of frontal lobe seizures include a short duration, rapid and frequent secondary generalization, prominent motor manifestations, and frequent falling, especially when the discharge is bilateral. The characteristics of temporal lobe seizures include frequent auras with certain sensory phenomena (e.g. undefined rising epigastric sensation), an onset with motor arrest, and automatisms4. Although each lobe has characteristic clinical behaviours associated with seizures, these may overlap with each othe?-9, especially since the clinical manifestations may change with the spreading of the discharge to contiguous structures9-'3. It is not surprising that a recent study attempting to localize new onset seizures according to the ILAE classification succeeded in only a minority of the cases'".
Localizing the seizure onset with surface EEG may also be difficult because (1) the actual area of onset may be remote from the recording elec-58 U. Kramer et a/ trodes, and (2) by the time a discharge has spread, the surface EEG changes may be diffuse rather than focal, thus failing to pinpoint the primary epileptic focus.
To identify behaviours that might have a significant practical value in differentiating a temporal from a frontal focus-and thus reduce the need for invasive monitoring-we compared the clinical manifestations of seizures detected during invasive monitoring in patients with either FLE or TLE.
SUBJECTS AND METHODS
A total of 49 patients underwent invasive monitoring for a presurgical evaluation from August 1989 to November 1992 in the epilepsy unit, Children's Hospital, Boston, USA. Of, those, 26 had TLE (age range 6-43 years; mean 18.6 f 8.9 years) and eight had FLE (age range 1-18 years; mean 11.8 f 5.2 years). All these patients were included in the current study. Following this evaluation, 21 of the 26 underwent temporal lobectomies and seven of the eight underwent various surgical procedures for frontal lobe epiepsy such as corticestomy or callosotomy. The other 15 patients had generalized seizures, parietal lobe seizures, multifocal origin, or non-conclusive results.
Seventeen of the 26 patients with TLE were recorded by means of six 10 contact depth electrodes (DE). The DE were implanted so that there was one electrode in each gyrus rectus and two electrodes in each hippocampus. The electrodes were stereotactically placed through two burr holes using an anterior approach. With the head held in a stereotactic frame, the gyrus rectus, amygdala, and posterior hippocampus were selected as bilateral targets. The nine other subjects were recorded with subdural electrodes (SDE). The SDE included grids of 16-64 contacts each and strips. Between three and six SDE were used in each case of TLE. Six of the eight patients with frontal lobe seizures were recorded by means of a combination of one or two grids and one to three strips, while the other two were recorded with a combination of SDE and DE. Both frontal and temporal lobe structures were covered in all the patients. Correct positioning of electrodes was confirmed by a cranial CAT scan.
Data were digitally recorded on magnetic tape using either 64-or 32-channel telemetry equipment (Telefactor). All recordings were reviewed retrospectively to confirm the validity of the initial data.
A total of 211 seizure episodes were analysed. We excluded 26 episodes due either to technical reasons, i.e. the patient was not on camera during the event, or because the seizures had clinical manifestations that preceded the electrographic ones, so that clear localization of the site of origin of the electrographic discharge was not possible.
The behaviours were classified as staring, facial twitching, head deviation, vocalizations, unintelligible speech, sitting up, leg movements, oral automatisms, alimentary automatisms, hand automatisms, hand posturing, tonic-clonic movements, and generalization. Vocalizations included moaning, groaning, snorting, grunting and crying. Leg movements included thrashing, pedalling, and kicking.
Oral automatisms included lip smacking, tongue movements, licking and mouthing.
Alimentary automatisms included swallowing, chewing, gulping, choking, and gagging. Hand automatisms included thrashing, snapping, fumbling, scratching, rubbing and waving.
We compared first the clinical behaviours that occurred in frontal lobe seizures to those of temporal lobe seizures (first stage analysis). To eliminate clinical behaviours that could occur as the discharge propagated to another lobe, we compared only clinical seizure events in which we had no evidence of spread to other regions, or that spread only to the homologous contralateral lobe (second stage analysis). The number of patients in each group was considered when performing statistical analysis.
We also analysed the frequency of auras, duration of seizures, and sequence of behaviours. For the purpose of sequence analysis, all different sequence patterns were analysed. Behaviours that appeared with a relatively high frequency where chosen for comparison. The behaviours were compared for occurrence either at the seizure onset or during a later phase of the seizure. The Fisher exact test was used for analysis.
RESULTS
The observed behaviours associated with TLE and FLE are listed in Table 1 . In analysing all clinical behaviours regardless of the subsequent spreading of the discharge, no significant difference between the groups was found. However, leg movements (defined as thrashing, pedalling and kicking), hand posturing, facial twitching, sitting up, and tonic-clonic movements occurred more frequently in FLE, while hand automatisms were more frequent in TLE. Table 2 shows the comparison of behaviours associated with a frontal lobe vs. a temporal lobe focus, analysing only electrographic seizures that did not spread, or which propagated only to homologous contralateral lobes. Only 13 patients with TLE and six patients with FLE had clinical seizures that met these electrographic criteria. Tonic-clonic movements were seen more frequently with FLE than with TLE. In addition, leg movements and hands posturing were seen only with FLE, while oral automatisms were seen only with TLE.
There was one patient with TLE confined to the site of origin who demonstrated head deviation, facial twitching and unilateral tonicclonic movements.
The mean duration of seizures in TLE was 124 f 103 s, compared to 39 f 37 s in FLE. Two patients with FLE experienced very brief seizures of only few seconds in duration; of these, one patient had flurries of seizures, consisting of repetitive seizures during several minutes.
Of 25 patients with TLE in whom information regarding auras could be obtained, 17 (68%) experienced auras. Of the seven patients with FLE who could give a description of an aura, only two (28%) experienced auras.
A total of 74 clinical TLE patterns and 17 FLE patterns were identified. Staring was present in the initial phase of the seizures in both TLE and FLE (Table 3) . Vocalizations and hand posturing were demonstrated throughout the seizures in TLE as well as in FLE. Some sort of automatisms was found mainly with the onset of seizures in TLE, as opposed to the later part of the seizures in FLE. Head deviation was seen with onset of seizures in FLE, and throughout the seizures in TLE. Five of the eight patients with FLE had an anatomical lesion detected on MRI. One each had a meningioma, oligodendroglioma, pachygyria, porencephalic cyst, and evidence of an old stroke. In all five cases, anatomical localization by neuroimaging and invasive EEG findings were in accord. Excluding enhanced T2 signal or asymmetry suggesting mesial sclerosis, neuroimaging studies revealed dysplastic tissue with a frontaltemporal cyst in one and status-post resection of temporal lobe astrocytoma in a second patient among the 26 patients with TLE.
DISCUSSION
An initial evaluation of a patient with an uncontrolled seizure disorder should include a careful history with a detailed description of both the clinical manifestations and the sequence of the habitual clinical behaviours. This information in combination with the results of surface interictal and ictal recording, neuroimaging, and neuropsychological studies should help in designing the subsequent phase of the evaluation, proceeding either to invasive monitoring, if this is deemed necessary, or ruling this out if possible. The temporal and the frontal lobes are the common sites of origin for CPS*, and in treating these patients, the early differentiation of a temporal from a frontal lobe focus may influence our evaluation strategy.
Two factors make it especially difficult to differentiate a frontal from a temporal focus. The first is that the rapid spread of an epileptic discharge to contiguous regions along its propagation path may generate additional clinical behaviours3. We attempted to overcome this by analysing seizures confined to the site of origin. The second factor is the recognized ability of different regions within the frontal lobe to produce clinical features identical to those arising from the temporal lobe'.
Clinical manifestations that commonly occur in either a frontal or a temporal lobe seizure can be identified by electroclinical studies that correlate the clinical features with intracranial recordings in either spontaneous or provoked seizures, or by studies of patients who became seizure free after resections of epileptic foci. Clinical behaviours that can be frequently seen in both FLE and TLE include staring, blinking, head deviation, facial twitching, gestuaral automatisms, oroalimentary automatisms, fear and autonomic manifestation&'".
Our initial analysis (first stage) revealed a higher frequency of leg movements, hand posturing, facial twitching, sitting up, and tonic-clonic movements in FLE, whereas hand automatisms were more frequent in TLE, but these differences did not reach a statistical significance. Staring, head deviation, vocalizations, and unintelligible speech occurred in equal frequency between these two seizure types. In the subsequent analysis (second stage) which we consider a more accurate correlation between focus localization and behaviour, leg movements and hand posturing were observed only in FLE, while oral automatisms were observed only in TLE. In the second stage, one patient with TLE was observed to display some typical frontal lobe motor features, including head deviation, facial twitching, and unilateral tonic-clonic movements. However, tonic forceful head deviation has been reported9*'5 with seizures restricted to the temporal lobe. Since tonic-clonic movements cannot originate in the temporal lobe, our explanation of this phenomenon is that the spread to the ipsilateral frontal motor strip was not recorded by the frontal electrode, which, in this case, was a DE implanted in the rectal gyrus through an anterior approach. This patient is an illustration of the problem that invasive studies suffer from limited brain sampling so that undetected propagation cannot be excluded.
The sequential appearance of these manifestations vary according to seizure type: staring and arrest of motor activity as well as oroalimentary automatisms are rarely seen at the onset of frontal seizures'6, but they may appear as the initial manifestation in a temporal lobe seizure5V163'7. On the other hand, somatomotor manifestations in TLE are rare in the initial 10 s of the event". Our observation regarding auto-matisms is in accordance with that of others; however, we found initial staring to be equally divided between the two seizure types.
Auras were more frequent in the TLE group. Although this also agrees with the results of others", the difference was not significant. Other studies found the aura frequency in FLE to range from 18'" to 60%h. The dependency of the incidence of auras in FLE upon its site of origin within the frontal lobe6 may explain the differences in the findings between the studies. Although some types of auras are considered more specific for TLE3.', and are considered highly localizing'",'", they are found with FLE as well', and their specificity is questioned in another study". Due to our limited data, we will not comment on the types of aura.
The longer duration of TLE seizures than FLE seizures is a well-known observationJ3"'. While there is a considerable overlap between the two types in regard to duration, only FLE seizures were found to be very brief and appear in flurries.
In summary, although characteristic clinical manifestations may be associated with FLE or TLE, no behaviour was found to be exclusive to either FLE or TLE, and there may be a marked overlap in the clinical manifestations of these two seizure types because of discharge propagation. Our findings confirm the conclusion of Wieser et al" that no single sign or symptom is pathognomonic, and it is rather the constellation, clustering and overall gestalt that point at a possible site of origin. Therefore, the clinical portrait of a seizure may be used in conjunction with other methods of localization, but may have only limited value in the absence of other factors.
